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B. Aybposckud

Marematuka
BOJILEOHOT0 KYOHKa

eKpanTs ywe pacckaiLean noppobuo o KOHCT-
PYKUHH BeHrepCKoro s«poawebuoro wybusas u
AATOPHTMAX PEWeHBA  HTOH  roAOROAOMKHT ).
Becaen 3a xyOMKom Ha CBET NOMBMAACH uUeAan
CEPHA NOXOMHX HA HEro Hrp. MaTeMarHYecKOH
TEOPHH TAKHX HIP H NOCEALLEHA HAWA CTATHA.
A paa awlutenclh npakTHyecnoh Hrpw B wybHx
Mbl NPHBOAHRM NPHHUWIHAALHYI0 CXEMY pPexopa-
HO KOPOTKOre aaroputma soawebuoro KyGu-
Kd, OCHOBANHYK HA ITOH TEOPHH.

Boaweduein kybHk 3amaer BONPOCH

YCAOBHMCH HA3LIBATH PAa3/HYHbE Ba-
PHAHTBE COOPKH BoJAweOHOTO KyOHKa,
BO3HHKAWHE MPH NPOH3BOJABHOH pac-
cTadoBke 8 YrAOBBIX MAJAEHBKHX Ky-
GHKOB MO BepWHHaM OGoabwioro Kybha
W12 cpeanux no  pebpam, ero
cocrosnuamu,.  Lentpaaousie wybukn
BO  BCEX COCTOAHHAX PacnoNoKeHbl
OAHHEKOBO — TAK HME, KaKk B HYAC80M
COCTORHUU, KOTAa KaxwAan rpab BoOJ-

* akpants, (UB0, Mo 12 . A7 LORZ Ne 3, . 2
woMNe V.. 22, oM. Tekme «Hayka w madHbe, 98],
Me 3, e 131 w1982, Mo 2, ¢ OF,
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webvoro Kybuka oxkpaweHa B OZHH
uget. JIoOOH caol HZ 9 MANEHLKHX
KyOHKOB, TPHMBIKAIOUIHY K OJHOH rpa-
HH GoabWoro Ky6Ba, paipelieso nopopa-
yuBaTe Ha £90° wam 180°%. Taxkoe
BRpalIEeHHE ﬁ'}'.[.LEM Ha3blBaTh nOogopOoTOM
2paKy HAM npocTo xodoMm, a JoGyo
NOCAeN0BATEARBHOCTE XOIOB — Onepa-
gued. Ecan coctosdHe S, MOMHO NO-
AYYHTE H3 COCTOAHHA S, € MOMOLLEK
HEKOTOPOH OfepauHd, To H OT S5,
MOMHO MEPerTH K S5,, H3IMEHHB HANPAaB-
JEHHE KAMAOre H3 NOBOPOTOB HA NpO-
THBOTIONORHOE H BHIMOAHAS HX B 0OpaT-
HoM nopaake. B stom cayuae OGyaem
FOBOPHTE, 4TO COCTOAHHA S, H 8, cas-
aarnt. B 4acTHOCTH, COCTOSIHHE, CBR-
3AHHOE C HYJCBLIM (3 TONBLKO B TAKHX
COCTOAHHAX H MomeT npebuipate pe-
anbHbI BOAWEOHBIA KYOMK, €CAH ero
He pa30HpaTk), HAIOBEM IJAKOHHBIM.

Janaua l. Jokawmure, uro ofimee Yyucno
COCTORHMA  BoaweGuoro KyOuka pasio N=
=80 - 5% - 121 - 2% (A'mpp - (B—1) »..=2-1,
UHTEETCA: n-pakTopuan).

M NOCTAPACMCH OTBCTHTEL HA CAC-
AVIOILHE BOTIPOCH A00e A4 COCTOARHE
KyDa HABJAAETCH 33KOHHBIM, TO €CTh
MOMKHO JH, coOpaB MaNeHbKHe KYOHKH
B MPOH3IBOJBHOM MNOPALKE, NOJAYYHTh
3aTemM HYJeBO€ COCTORHHE NOBOPOTAMH
rpaded? Ecaw Her, TO KaK Y3HaTb,
FAKOHHO JIH AHHOe COCTORHHE H BO-
oblle, CRA3ANHB W JBA NAHHKIX COCTON-
HHA? CKONLKO CYLWeCcTBYeT 3aKOHHBLIX

Kvantmecme.




Pue. 1. Hyaesoe cocroauune. CRpuTHil yraosod
KyOMK HMEET HOMED 9, CHPHTIE CPELHNHE — HOME=
pa 10, 11, 12. Ha cikputux pelpax crpeam
COHANPABACAN CO CTPEAKAMA HA CHMMETPHNHBIX
HM OTHOCHTEALHO UeHTpa wyba pelpax,

COCTORHHN, APYTHMH CNOBAMA — CKOJb-
KO Pa3HeIX PacKpacok BoOAwWe6GHOro
KYBHKA MOMHO MOAYYHTL, BPalllas ero
rpann? KaroBo maKcHMaabHoR uYHCAD
MOMNAPHO HEe CBA3SAHHLIX COCTOAHHHA?
[Tpewae Bcero pasbepemcs,

Kak sapnagats COCTOSHHS

YroGsl MOAHOCTHIO OMKCATH COCTOAHHE
poawedtoro KyOHKa, Halo AA8 KaKIo-
ro MaleHbKOro KyOHKa YKa3aTh
MeCTO, KOTODOE OH 33HHMAET, H ero
OPHEHTAUMID HA 3TOM MECTE —
KAMABIH YrjoBOH KYOHK MOMXHO No-
MECTHTE B OJHO H TO e «rHe3fos
TPEMA, a CPeAHHR — NBYyWA cnocobamu.

MpeactaBuM, uTo BOAIEOHBH Ky-
GHK HaXOAHTCA B HYJNEBOM COCTOAHHM,
[lepeHymepves ero BepuUIHHEl ¥ HAXOAR-
UIHECH B HHUX YIJIOBBIE KYOKHKH YHC/AAMH
or | ao 8, a pelpa M COOTBETCTBYHO-
liHe CpeaHHe KYOHKH — uHCJaMH
or 1 go 12. Kpome Toro, Ha Kamaom
peGpe Goasworo kyb6a Bmbepem onpe-
JdejeHHOe HanpagieHHe (MpICJeHHO Ha-
PHCYEM HA HEM CTPEJKY) H HapHCYEM
CTPeAKYy TOrMQ e HanpaBJeHHA Ha
COOTBETCTBYIOIIEM  CpeaHéM  KyOHKe
(puc. 1).

Teneph mecToHaXOMAeHHE {-ro yr-
noBoro (j-ro cpefiHers) KyGHka B coc-
TOAHHH S MOMHO 3aJaTh HOMEPOM
og(i) (rs(j)) Tof BepumnHs (TOro peod-
pa), rie oH HaxoauTca (3aech i=|,
ey By J=1, ., 13} :

Uroln 3a0aTh OpPHEHTAILHIO Yrao-
BbiX KyOGHKOB, BhAe/IHM nmapy NpoTHBO-
NOAOWHEX rpaneld OGoawiioro xKy6a,
HanNpHMep ero ropH3OHT a/IbHLIE TPaHH,
[lns onpegeneHHOCTH NPEANoaoKHM,
YTO BEPXHHH UEHTPANLHEE KyGuk —
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CHHHH, a8 HHMHHE — 3efeduli®).
Kamawmh yrnopod KyOHK Hmeer aubo
OAHY rpaHb CHHEro upeta, aAH00 oaHy
rpaHb 3&MeHOro upeta; yroa afe=0°%,
120%Han 240°), Ha KOTOPbIH CAEQ0BA0
OBl MOBEPHYTH 3TOT KYGHK B ero
«THE3Ne» BOKPYr AHaroHaan 00JbwIO-
ro ky6a NpPoTHB 4acoBOi cTpenku**),
4Tob6H 3Ta (CHHAA JAHOO0 3eaeHad)
rpamb CTana ropH3OHTaNbHOH, Gyaem
HAa3blBATh YeAOM ROBOPOTA JAHHOIO
YII0BOI0 KyOHKAa B COCTOSHHH S H
o603naNaTh ag(i), TAe i — HOMEp Ky-
buka,

OpHeHTauHio j-ro CpeiHero KyGHKa
B COCTORMHHUW S 3amaanm yraom Pe(j)
MEHAY HapPHCOBAHHOH Ha HeM CTped-
KON W HanmpapaeHwem pelpa, Ha KoTO-
poM oH HaxoaHTcA (tg(j)-ro pebpa).
¥ron fg(/) momer paBHaThca 0° WK
180°%; 6yaeM HasbiBaTh €ro yeaom no-
sopoTa [-ro cpeaHero KyOHKa B COCTONH-
HHH S.

Yrto obuero y CBA3AHHBIX COCTOAMMA

Ham nano BeIfAICHHTE, B KakoM Cjayyae
[B3a COCTOAHHA CBA3AHKLI APYT C APYTOM.
C 3TOH UeNbI0 NMPOCHedHM, KaK HaIMe-
HAKTCA XAPAKTEPHCTHKH COCTOAHHHA
g, fs, G5 H Tg NPH NOBOPOTAX Ipaqen.
Hauwem c yrnoe nosopotos. Jlerko
NPOBEPHTE, YTO

A. ¥rau noBopoToB YIOBLIX KyOH-
KOB He H3IMEHAIOTCA MNpPH NOBOpOTAX
YeThipeX BePTHKAJbLHLIX rpaked Ha 180°
H NpH NPOHIBOJABHBLIX MOBOPOTAX MOpH-
JOHTANIbHBX rpaHed.

B. ¥Yraw noBopoToB cpeaHHX KyGH-
KOB HE H3IMEHATCH MPH NOBOPOTaX
ABYX MPOTHBOMOJNOMKHBX (NpaBol H jae-
BO# wa puc. 1) rpanei ua 180° u npu
NMPOH3BOMbHEIX NMOBOPOTAX OCTANLHBIX
rpaHen.

B. [lpu nosopore awBol BepTH-
KansHoH rpamd Ha =90° Kk yraam no-
BOPOTOE ¢ [ABYX KYOHKOB, CTORUIHX
B ee MPOTHBOMONOMHBIX BEPLUHHAN,
pofasnnerca no 120°%%%) a k yraam

*) Mexay npounsm, KyOHK packpamnsaar
mo-pasHosMy. Mn dMeeM 8 AHAY XKy, ¥ KOTOPOTO
APTHaGn H CHHER FPaHH 1 pOTH B 05 Hb i

"¥) Pasymecrcs, He pajpyman poamesuel gy,
peaapHo NOBepHYTE €ro YrAOBOR KYGHK B CROGM
THRIAR WEABIR — M 3AECH CNPESes AtM TEOpeTH-
YECKEOD® TOHATHE.

*#%) Kak 310 NpHMATO, Yris nMOLOPOTOBR M
CKABAWMBREM ¢, TOHEOCTRIO a0 3607, manpumep 2407 +
F240° = V20", 180" + 180" = 0" w7, A
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Puc. 2. [locae nosopora npapcl rpans wa 90°
no 4Yacoeod crpeake. 3aecs t{l) =2, 1(4) =1,
1(2) =3, a(1) =a(3)=120° a(2) =a(4) =240°,
B(1) =B(2) =P (3) =[f(4)=180°.

OBOPOTOB ABYX €€ JpYrHX YrAoBbIX
KyOukos nobGasanercs no 240°.

I'. [1pn noeopoTte npaBo# WK JeBoH
(prc. 2) rpaHH Ha *90° wmeusn-
HTCH YOAL NOBOPOTOR BCEX YeThipex
cpeaHHx KYOHKOB 3TOH TrpaHM.

Orcioaa HEMELJIEHHO BBITEKAeT, YTo
CYMMBL Y2AO8 RNOBOPOTOB BCLeX {J2A0-
ablx & acex cpednux kyburoa

A(S) =as(l) +as(2) +...+z(8),
B(S) =Pps(l) +Ps(2) +...+Bs (12)
OCTAIOTCR MOCTOAHKHbGIML TIPH BCEX No-
BopoTax rpaned. Takwe xapakre-
PHCTHKH COCTOSTHHA HAa3BIBAOTCA UM-
apuaHTamy (0T AaTHHCKOrO «HEe H3Me-
HslomHides» ). 3nayeuns awdoro wu-
BAPHAHTA AR ABYX CBA3IAHHBIX COCTON-
HHH 8, W S, OuUeBHAHO, COBNAAAIOT.
[Mostomy papencrea A(S,)=A(S,) #
B(S,)=8(S;) sasaawrtcs HeolXx0-
AHMBMH YCJAOBHAMH CBH33aHHOCTH
COCTOAHHH, BCKOpe Mbl YBHIHM, 4TO,
NPHCOENHHAB K HHM aHaJOTHUHOE pa-
BEHCTBO ANA €lle OAHOr0 HHBAPHAHTA,
MbI TOJAYYHM H TOCTATOUYHB € yCa0-
Bus. Ho, npexae uwem onpegenuThb
3TOT TPeTHH HHBAPHAHT, HAM NPHILETCH
caenarth HeGOABUIOE OTCTYIIEHHE

O nepecranoeBkax

llepecTanosKol KOHEUHOTO MHOXKECTRA
HasbiBaeTcH moboe aTolpamende 3Taro
MHOMecTBa Ha cebsn. Takum obpasom,
onpeneneHdas  Beliue QYHKUHA O
3ajdaHHas Ha MHoxecrse {1, .., B8},
ABNFAETCA MepecTaHoBKOA STOro MHO-
MEeCTBa, a Ty — MNepecTAHOBKA MHO-
secrpa {1, ..., 12}, C moboi onepa-
et F Takme CBA3aHbl  ABEe mnepe-
CTAHOBKH Op H Ty 3THX K€ MHOMECTH:
EC/IM HY/JEROE COCTOSHHE S; nepepo-
nuTca onepauuein F B cocrosuue S,

kvant.mccme.ru

TO, nNo QHpeaedeHnio, og{i) =os(f),
Telf) =1g(j). Hpyrrmu CAOBAMH,
apli) W Tp(j) — 3TO HOMEpA Tex MecT
(cm, pHe. 1), Koropble 3aHuMalor
B pesyabTare onepaund F  yraoBoii
KVOUK, CTOABIIHA Ha {-M MECTe, H Cpejl-
HHA KYOHK, CTOABLIMH HA j-M MeCTE.

BuinoAHue oauy 3a ApPVroH nepe-
CTAHOBKH O, H 0, OAHOIO H TArQ MKC
MHOMECTBA, MLl CHOBAa NOJYYHM €ro
oTobpaxkeHue Ha cefn  — nepecra-
HOBKY o. OHa HA3BIBACTCA KOMAOIU-
gued o, H 0y 0=0a; ° 0y,

daanaua 2 lNyers onepaunna F nepeBopuT
BOJWeOHLE KyGHK M3 COCTORHNE S B cocTORHME
S, JlokamuTe, 4910 Oc. =0c.gp Tg =TgTp.
HoKaxuTe TAKKE, 4TO Op o F,=Cra0p.T5 o f,=

=tperp, rae FioF, — Komnoswuws onepa-
uuit F, ¥ F,.
Ilyctb @ — npoHasoaswas nepe-

CcTaHoBKa MHOMxecTtBa {1, 2, ..., n}
Hapucyem ogny nog apyro#t ase crpou-
KH Mo A Toyek. Ecau nNpH népectanoBke
0 YHCAO [ NEPEeXoaMT B j, COBAHHHM
[-}0 TOUKY BEPXHEH CTPOKH OTPEe3KOM
¢ j-H TOUKOH HHMKHEH CTPOKH — MK
NOAYUHM epag nepecTancsKu a
(pue. 3). OGosnauum uepea N(a)
HHCA0 TOMEK NepeceycHHd OTPe3KOB
rpatha (TOUKY, B KOTOPOi NepeceKaeTcs
Goable ABYX OTPRIKOB, COCUATAEM
CTOABKO pPa3, CKOJNBKO Map oTpe3KoB
ée copepxur). [lepecraHorKa o Ha-

anBaeTcd 4erwod (MeHerMold), ecaH
1 2 5] 4 3
1 aj
! 2 3 4
Oy o)

Prc. 3.



ydeao N(a) uetHo (HeyeTHo). Jrax
REPECTUHOBKY T ONPEJe/IMM PaBeHCT-
poMm ela)=(—1)"; e(o) paBuo 1
HAH — | B 3aBHCHMOCTH OT TOrO, Y€THA
HJH HeYyeTHa rnepecTaHoBKA. BhIACHHM,
KAK 33BHCHT YeTHOCTh KOMMO3HILHK
0, s Oy OT 4YEeTHOCTeR o, B o, [pad
KOMMO3HLUHH CTPOHTCA OQYeHb MpPOCTO
(cM. pHC. J): COBMELLAEM HHMHIOIW
CTPOKY rpadga  nepecTaHoBKH o0
(puc. 3, @) ¢ sepxuefi cTpokoi rpadpa
oy (puc. 3, 6) — noayyaerca «npo-
MEMYTOUHBIH® rpad (puc. 3, 8),

34TeM 3AMEHAeM KaX[Iyl JOMaHyo
B TIPOMEMYTOYHOM rpade Ha OTpesok,
COeAHHAWIIHA ee KOHUILI (pHC. 3, 2).
Hueno ToveKk nepeceyeHHA JOMaHbIX
B MPOMEXYTOYHOM rpade, OueBHAHO,
paBio N (ao,) +N(o,). [lpr «pacnprm-
NEHHWH» JIOMAHBIX OHO MOMET YMEHb-
IUHTbLCH, HO €ro H4eTHOCThb COXPaHMTCH
{,I:me:-jm’re 3TO CEIMD-::T-DHTEJJbHD).
Takum o6pazom, N(o, « a;) 0 N(o|) +
+N({0y) — 4HCAa OSHOH YeTHOCTH,
CAELOBATEIbHO,
£(0y » 0g) = (—
|]H{-:r-H-HIﬂr!:l'_gl}Htﬂ-!x

x(—1 =e(G) - 2(0,),
Jlpyrumu cioBami, KoMno3udyus deyx
NEPECTAHOB0OK HEeTHA, ECAN WX 4eT-
HOCTU COBRAOOIOT, I HEYETHA 8 Rpo-
TUBHOM CAyyae,
donycTHM, 4TO NepecTaHoBKa O
MHOMECTBa H3 N 3JeMeHTOR OCTamnsdeT
HENOABHMKHKMHA A—mM SJeMeHToB, a
OCTANBHBIE M SNEMEHTOB MOKHO YIO-
PALOYHTE TakK, YTO NEepPBBIH H3 HHX
nepexoanT BO BTOPOH, BTOpOR — B Tpe-
THH M, BooOwe, (A — B (i+1)-#,
a m-H 3NeMeHT — OnfATh B MNEpBbLIA.
Torpa nepecrawoBka © HasulBaeTCH
HUKAOM OAUMbL M HIAH  M-LHKIOM.
Hanpumep, nepecTaHoBKH oy, 0, H T,
rpadpnl KOTOPHX H3o0paXeHs Ha pPH-
CyHKkax 3, g, 0, 2, ABAAIOTCA UHKIAMH
onwHb 2, 4 H 5 COOTBETCTBEHHO.

] ln'“d,_,n "t]=

:..h'h,lll

3anava 3 Jokamuare, 4710
a) Jloéas rpancnosuyus (T0 ecte 2-UWKA)
ABJTAETCA HEYETHOH mepecTaHoBkod.
6) JlwoSok A-UHKD ABARETCA  KOMNO3IHLHER
ri—1 tpakenosiunk. Ero uernocTs npoTHso-
NOAGHHA YETHOCTH YHCAE R
B) <100y NepecTAHOBKY MOMHO MPEACTABHTh
B BHOE KOMINOSHIHE UMKIOB, NPHYEM MOMHO
ODOHTHCh TONLKD TPAHCIOIHILHAMKE, & B CcAyuyae
YOTHBIX MEPECTAHOBOK — J-UHKJAMH,

Nonnas cHcTeMa WHBAPHAHTOR
podwebnoro KyGHka

Haaosem sraxoM cocToAnua S 4HHCAO
e(S)=elog) =e(rg). Ono pasHo |
HAH — | B 3aBHCHMOCTH OT TOrO,
COBMAAAIT HAH HeT YETHOCTH nepe-
CTAHOBOK Gg H Ts.

PaccmoTtpuM mopopor F - nw0bo#
rpand na 890° Ilycte B pesyabrarte
ITOro NMOBOPOT2Z  BOAWEGHHHE KyOHK
Mepewen H3a COCTOAHHA S B COCTOAHHE
S’ Toraa (3apaua 2) oOg=05. Op,
Tg=Tgo Tp. [IEPECTAHOBKH OfF H Tp —
3TO 4-UHKABI, MO3TOMY OHH HEYETHH
(sapaua 3, €) H (o) =el1p) =—1.
ChenosaTenbHo, e(og) =g(og) X
Xe(og)=—e(0g), e(ty) =—t(T5) H
e(S') =e(S). Hrak, 3Harx cocToAHHA
HE MEHReTCA NpH MOBOPOTAX [PaHeH.
2TO ¥ eCTh TPeTHH HHBAPHAHT.

JlokameM, 4T0 CucTeMa UHBAPUaH-
rog A(S), B(S) u e(8) — noaxas,
TO ecTh, HTO COBNACENUE UX FHAYEHI
daa deyx coctoanul ofecnewusaert
CBA3ZAHHOCTL 3TUX COCTOAHUL.

Mycte aan wayana A(S)=8(5)=0%
e(S5)=1. lNokameMm, Y4T0 COCTOAHHE S CBAZAHO
C HYAEBHM COCTORKHEM S, [Monpofiyem Bocnodsb-
FOBATLCH ANATOPHTMOM H3 CTaThl <AJNTrOpHTM
sonweGHoro gybukas (cKeawts Ne 7 3a svor
ron)™). [lepaw#d  ero sTan BCEraa MOMHO
BRNWIHKTE OecnpenateracHro. Bropoft senon-
MHM TIPH YCAOBMH, YTO YHCAO HENPaBHARHO
NOBEPHYTHX CPEAHHX KyOukos uetno. Tak M
Gyner, wbo cyMma yragBR NOBOPOTAE CPEAHHX
¥yGukos B=0° TperuR 3Tan OCVILECTBHM BCET-
na. [Mocae wero ponmeluwf KyGHK nepexoauT
B coctofmie S, B KOTOpoM BCE CpeaHue
H‘fﬁHHH CTOHMT Hd CROWX MECTEX, TO B0Th
Tgr ToMOecTBeHMan nepecTanosxa, Ho
E(S57) =1; 308UHT, Bg — YETHAR NEPECTAHOBKA,
4 OHa Ppaznaraerc B KOMIOOIXIHMKG 3-UHKADB
(2anava 3, a). [lostomy BCE yraoBee KYOHKH
MEl CYMEEM paccTaBiTe No mectam. Ocradercs
NPABRMALHO PAIBEPHYTRE HX. A  3TD  MOKHO
CABNATh, MIb3YACH ONEPALHAMH, YHAIAHHbLIMH
B aaropurMe, Gnarogapa TOMY, NTO Cymma
yrace nosopotos A =0°,

cre panee A(S)) =A(S;) =a, B(S,)=
—B{E,] =f, e(5,) =e(5,) =¢e. Ecan a=§=0",
aem=1l, T0 06a COCTOANKA S; H S, CBA3ANM ¢ HY-
JeBHIM; CIEJ0BATENDHO, OHH CBR3AHN OPVE C APY-
rom. Hakoreu, nycte 5, # S; — <He3IaKoHHBE
COCTORAHHA, nanpumep a=07 p=180° e=1.
Paccmorpum cocToAnuA 5] v S5, noaywawunecs
H3 &, H S; MNepesopaulBaHHeM Kakoro-to
ONHOro cpeadero KyOHKA, CKaMeM CHHe-Genoro,
HMupapuantet A M & NpH  9TOM, KOHEuHO,
He MeHRITCA, a4 B cradoswres pagnsm 07,
nostoMy S W S, cessamn. Bossmem noawef.
HEA KyGHK B COCTORHHM 5, M 32KJIEHM CHHIOK

*§ Pasyueercs,

EOMHO NMPHMERHTE W mobol
ApYrof aAropuTy
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Ipalh  BHOGPERHOTO  cpeanero KyGuka Genok
Hawnefikol, a OGeayw — cuuedl. [leayqmm
covtoanme 5§, llepesepem ero B 55 B CHHMEM
HAKAEHKH — noayyutes coctoadke 8,0 Caego-
BATEALHO, COCTOAHHA 5| W 5, caAzanm. Anano-
FHYHO QOKA3KBAETCA, YTO JKOLIE LAa COCTORNHKA
C DAHHAKDREMY HUBIADHAHTAMH CBR3ISHH. TaKkuM
oipasoM, Kamaui w3z IM2x2=12 nabopon
aHaueudld wrpapeauwtor A, B & (A npuwau-
MACT TPH 3navenns: 0°  120° g 2490°, B — gBa:
0% u 180°, & — Tome gsa: | 0 — 1) onpeneaner
KAACC MONAPHO CBAIAHHBY COCTOAHHA C ITHM
HAGOpOM HMHBAPHAMTOB, NPHYEM COCTORHHA M3
PEIHEE KJIACCOB We CBA3aHLE, OLHH M3 RASCCOR
OOpainkdH JAKOHHBIMH COCTOAHHAMHA,

danaua 4. Jowamure, YT0 YHCAO COCTORNAN

BO BCEX HJACCAX OAHHAKOBO M pasHo B« 3°.
111 - 218,
danava

3. [Jlowamwre. yre 3Inavenms
unsdpuantos A, B, e 3JapdcAT TOABKG 0T
COCTOAHHA BomlneBuora KYBHKE, HO He oT

Buifiopa Napk rpadefi, HanpasaeHdi wa pefipax
H OHyMepaillun eepulid 0 pebep.

Pexopanniii aaroputm

B wypuane «CafieHTHdHK AMepHKIH»
(1981 r., Ne 3) onucana ofwan uaen
PEKOPAHO KOPOTKOr0 aJArOpHTMa BOJ-
webHoro KyGHKa, MPHAYMaHHOTO aHr-
AuAcKkAM MateMatHkoM M. Tuctaerty-
3UToM. [loab3yfAce 3THM aATOpPHTMOM,
MOXHO MepedTH oT Awloro 3aKOHHOrO
COCTOAHHA K HyJaeBoMY He foaee, yem
3a 52 xoapa*). Aaroputm TucTaeTy3iTa
KOpPeHHbLIM O6pa3oM OTAHYAETCH OT an-
FrOPHTMOB, KOTOpPbie ONHCaHL B YNO-
MAHYTBHIX HAMH BbiWwWe cTatbaXx. B of-
ULHX YEepTax €ro cXeMa Takosa.

Beeaem TpH orpakHveHMs Ha no-
MYCTHMbIE [IOBOPOTHI FpaHe:

) sanpewdeTcs  NoOBUDIMHBATH
IABE MPOTHBONOJOHHLIE BEPTHKANLHKE
rpavd (ZONYCTHM, NPABYID W JAEBYIO
Ha puc. 1) Ha =907

2) 3anpeuiaeTcd MOBOPAYHBATH
Kakyw Obl To HH GBINC BEPTHKAABHYID
rpans #a *90°;

3) 3anpellalTén BCE MOBOPOTHI
rpanedt wa *90°.

O6oaHauum vepes @, &, @, cono-
KYIMHOCTE BCeX OMNEPAUHH, YAOBAETRO-
PRICLUHX NEPBOMY, BTOPOMY, TPeThEMY
DI"E]HJIH[I{"III[IU COUTBETCTBEHHO {HBI’IPH*
Mep, 99, — 3TO BCEBOSMOMHBIE MOcae-
AOBATCILHOCTH MOBOPOTOB rpaHed HAa

) B vom me KypHane COOOULBETCA, WTO
8 aeficTenTesbHOCTH BOETAa docTaToano 23 xoaos [!),
MPHHEM YMEHBLWIKTE STO MHCAD Hedwdastl. CyIA 10 Boewy,
MORd TN b KPOTRHHE JUENbHH & 4 Q[ HT M [Peuie-
A ByOHKe HE HEHACH.
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180°), a uyepes X,, Z,, £; — Kaacc
BCEX COCTOAHHH, MOoJyyaeMeiX H3 HyJe-
BOTO oOnepaunamMu w3 @, &, &,
fcwo, uro E,=22,5Z,38, H uTtO
qAiobpie nBa COCTOAHHA H3 Khacca X,
CBS3aHbl JApYT ¢ APYroM onepauHef
H3a @, Becw anroputm pasbrpaercsd
Ha weTwipe 3Tana. Ha nepsoM BbIMOA-
HAEeTCA Takas onepauua F (6ea orpa-
HHYE€HHH Ha XO/bl), KOTOpa® NepPeBoaHT
HCXOAHOE COCTOAHHE S B KaKoe-HHOYab
cocToAHKe 5, € X,. B panbHedueM pas-
PELWIAKTCA TONBKO onepaudHH Ha @,
Ha BropoM 3tTane ¢ noOMOILbK ONepaLHH
F, €@, ponwebGHsIl KyGHK MepeBo-
AHTCS B COCTORHHE S, € Z,, HA TPEThEM
¢ NOMOLULID onepauuH F, € @, — B co-
CTOAHHE S, € £4. HakoHew, Ha 4yerpep-
TOM 3Tane, Bpallas TrpaHd TOJbKO
Ha 1B0° ™Mb JOMKHB NOJYYHTE M3
COCTOAHHA S; HY/NeBO¢ COCTOAHME S,

OueBHAHO, NONAB NOCAE QYEpeaHOro
sTana B KNace X, Mbl €70 YHe He NOKH-
AaeM, TaKk YTO JAOCTHXREHHA BCeX
NpeabAYLIHX 3TAN0B COXPAHATCA aB-
ToMatHyecks. Kpome Toro, snaoTh Ao
NOCNeNHEro 3TANa He HYXHO <«3aro-
HATE» MaJacHbKHe KYOGHKH Ha noJao-
MeHHwe wMecta. Ho ocuwoBHoe go-
CTOMHCTBO 3TOH CXeMbl B TOM, YTO OHA
ropasgnoe Aydie ofuiynpXx npucnocobne-
Ha k npocuety Ha 3IBM. Bepoarho,
3TO H CHIrpajao pelampuyw podb OpH
€Y CTAHOBJIEHHH MHPOBOr0 peEKOpAas.

[Mpemae, 4Yem COCTEBARTE 1O STOH  CXeMe
dAFOPHTM, HaAQ BHHACHHTE, 4YTO H3 Ce0A Npel-
CTABAAIOT KAaccw coctoAmud £, X, K.
TyT-T0 Ham w npyroasTea wHsapHanTe. C Khac-
camu I, w £, pazobpatecsd nerko. Benomuwan
CBOACTBA A W 5 yriaoB NOBOPOTOB MAJEHBKHX
KYOHKOB, Ml BHAHM, UYTD Y2An  ROBOPOTOS
cpeduiux Kybuxos PBglf)] wnBaPUAHTHB OTKOCH-
reasno onepayud wuz @, (ceoficteo B), peam
MOSOPOTOS YLA0aeX KYOGUKeS dell) MNBAPLAMTH
OTHOCUTEABND OREPALUd 13 '31 (caofcTen A).
Jlerko 3aMeTTe TaKwe, 4T0 MpH ONEpaUHAX
H3 By uereipe cpeanuX kyOuka, pacnonomen-
HolX B FOPHIOGHTAALHOM €CDCHEM COEs MEWAY
BePAXMER M HHKHER TpaHfiMu, MOrYT MEHATRCH
WUETAMME TQMBKD Meay cofof, Tak uTo COCTas
POl CAOR OCTAETCA HEHIMEHHLIM.

Jagaua 6. JlOKaMmHTE, 4YTO BENHYHHb
15), e(S) w §US) (j=1, .., 12) oSpasywr
IIII.Ill:dH:] f’n‘lf*[‘EFl‘_q' HEBADHAWTOE OFTHOCHETEALHD
olepaudi we 9+, a E[S‘F;, alS) =1, ... 8),
ﬂ-l—{Sj (f=1, .., 12) ¥ COCTEB ropHIOHTANBLHOrD
CPEAHErD CAOH — OTHOCHTELHO ONepaund us &,

Croas me npocro yfeanThen, 4TO NpH one-
pauARY H3 ifﬁ;,. kgpnue HHBAPHAHTOR, NMEPEUHCARH -
HHE B 33384e 0, EDIFBHHJ{}TE'H TAEME CIHTaEBH
ABYX BEPTHRAALHBIX CpEidex CAGEE H COCTABE
ABYX YETBEPOK YrAOBWX KYGHKOB, O6pa3yssuHX
nMpaBuibHbie TeTpasapud (Ha pHe. | B OAHY

Kvantmecme.



M3 HHX BXOAAT yraosue KyGukn |, 3, 5,7, a B apy-
ryw — 2 4, 6, 8). Ho 570 ewe ue pee! Mueertes
Clle OaAHH HHBAPWAHT OTHOCHTENEHO H'ﬂﬁEFIE
onepauui ¢;, ONHCHBAIOLLHT IABHCHMOCTE MEXK-
AY NepecTIHOBKAMH VIIOBEX KYOHKOB BHYTDH
yeTeepok. Bodbwem mobwe nsa xkyOuka onpof
W3 uerpepoxk. Onw  ofa  NPHAEKAT DPOBHO
K oomod M3 rpaded kySa. Ecom 310 npasan
HJAH AeBaf rpalb, TO CHaMeM, 4To 3TH KvOHKEH
sanumaor J-xo ROJLLLLAD, ECIAH NMEPEAHEHR HAH

JAAHAR — TO -0, €CAH BEPXHAR HAH HHMHAA —

10 Juo. HcHo, YTO BTOpEM NApd KyOGHKOB 3TOMH
YeTeeprEH BCElMda 3AHHMACT TY MWe MOSHUWEK,
yro H mepeana. [las npoctoTs orpaHMuHMCH

COCTORHHAMH S, Y KOTOPWX COCTAB YETBLPOK
«NPABHABHEIA® (KAK B HYJEROM COCTORHHH).

PaccmoTpum Mepaylo YeTBepKy H ONPefenHM
nepecTaHoBKky pg MHoxectsa {1, 2, 3}, noaaran

peli) =f, ecan napa KyGHKOB 3ITOR YeTBEPEM,
JAHHMABIIAA [-10 NO3HIHIO B COCTOMHHMH S,
BAHHMAET [-80 NMOZHUHKY B COCTORMAK 5. Anano-
rHYHO, AR BTOPOR YETBEPKH ONPeLeadm nepe-
CTHHOBKY §g. Haw nocheanuh snsapuant — 370
nepecTavoska g =pecogg'™). OH MOMET NpH-
HEMaTH A6oe H3 3! =6 aHadeHni.

Janaua 7. Hokamure, uro B¢ aedcran-
TEALHO HHBAPHAHT OTHOCKHTENLHO Py H YTO BMEC-
Té C HHEAPHAHTAMH, NEPEYHCAEHHEMH BRI, ON
oBpa3yeT NoAHYD CHCReMY AR Py,

Teneps #ACHO, YTO HA KaXiom
STane ajropHTda CNeayeT CTPEMHTBLCA
K TOMY, yrToObl 3HAYEHHSA -EIHE‘{JE,ELH[}FI
MOPUHH HAKAEHHBIX HAMH HHBAHAHTOR
CTaJIH TAKHMH »E, KdK 00" HYVJIEBOTO
COCTOH HHH.

M npegjaraemM YHTATENAM CamMo-
CTOATENBHO PaspaloTaTe AJTOPHTM
HAH ero oTAe/bHbBIE 3Tankl NO YKalaH-
HOH CXeMe H MpHCIaTe B pelakuHio
CBOM BapHaHThl. Jlydiwmne H3 Hux Oyavr
onyOJHKOBAHH.

Mourpaem B ApYyrue Hrpw

ﬂ,a:-ue HEHCKYLIEHHBE B MATEMATHEKE
NAOAK Ccpa3y MPH3HAKT B BOJIWLEOGHOM
KYOHKe «pOACTBEHHHKA» 3HAMEHHTOH
rofoBogoMKH «15» Csma Jlolna, xora
BHEIIHEe OHH ED'EEP-LIJE‘HHE HE MOXO0MXH,
CxoactBo 3aKiw4eHo B o0LLER CTDYK-
TYPE 3THX WIrp, KOTOPYK MOMHO ONH-
CaTh TAaK: HMELTCA HEKana Ccucrema,
cnocobHas NpebuiBaTh B PA3/HYHBIX
CoLToARuAX, CpelH KOTOpPbLIX OAHO
(#Hynepoe») COCTOAHHE  BbIIEJAEHO.
3apaya COCTOHT B TOM, 4YTOOH nepe-
BECTH NPOH3BONLHOE 3a1aHHOE COCTOA-
HHE B HYJAEBOE€, NOJAb3YACH ONpeaccH-
HbiM HAOOpPOM CTAHLAPTHHIX npeobpa-
30BAHKHA CHCTEMEl (B cjay4ae BOJWEO-

*) 3aech g7 ofo3nauaer ofipatior orofipase:
e K oTolpaxennn .

HOrQe KYOHKa — MOBOpPOTAMH TpPaHEH
Ha £90° wan 180°%), KoTopule MOMHO
HA3BATH IJACMEHTUPHLIMU ONEPaLUAMU
Han xodasu. [lpn 31oM awbol xon
ofparus (To eCcTh, CAENEB Ero, Mhl
BCET/d MOMEM OJHHM XOA0M BEPHYThECH
B HCXOAHOE COCTOSIHHE).

Tak me, Kak H ANA BoOJWeBHOro
KyGuka, B obulem cayd4ae oanpege-
AAOTCA MOHATUH ONEPEILHH, CBR3AHHLIX
COCTOAHHA, HHBApHaHTA. Ewe oado
NOJE3IHOE NOHATHE — OpPOUTA COCTON-
HUAS TAK HAABIBAKOT MHOMECTBO BCEX
COCTOAHHH, CBA3ZAHHBIX € JAHHBbIM.
B uacTHOCTH, KAK Mbl BHIEAH, MHO-
WEeCTBO COCTOAHHA BoJAwWeOHOTO Ky-
Ouka pacnafgaetrca Ha 12 opOwr.

Mul npeanaraem YMTATEN0 PAA 3a-
dday, NOCBHLEHHLIX HCCAENOBaAHHIO HTP
ykazanHoro tHna. B aapauwax 8—10
TpeGYyeTCH N0KA3aTh HEKOTOpPLIE ofLiHe
CBOHCTBA 3THX HIDP (DPHBOLATCH TOAb-
KO WX GopmyaupoBkd). B 3amauax
11—16 paccmaTpHBAOTCA PA3HBIE NPH-
Mepbl, MPpHYeM QaeTCH TOAbKO OnHca-
HHe HIPH, a OTBETHTE HYKHO Ha
CAeAYIOULHe BONpochl: | ) Kakos NoAHbIA
Ha0op HHB2pPHAHTOB MAAHHOH Hrpwl?
2) Kak nmnepeBecTH OOHO H3 JIBYX
CBA3AHHLIX COCTORHHA B apyroe?
3) KakoBO YHCAO OPOGHT W COCTOARHHMA
B oOHOR oplHTe?

Janaum

8. Byvaem nueats §,==8, ccan coCTORHHA
S, H 3, cBA3aHb. Torza ans Jobux cCOCTOAHWA
5, 8., & 1) §=§, 2) §=5~8,=5,k
3} §,=8, 5, =575, =5,. [pyrimn caonamn,
OTHOIEHHE S, =8, ecTh OTHOWIE HHE SKRHBAJEHT-
HOCTH.

9. Opburn Adux ABYX COCTOANMA S, W &,
Aiho coBnanainT (ecad 5,=35,), anbo we HMeoT
ODILHY RACMEHTOB.

10. Ecan BCAKEA OREDANMA, [TePpesopq an
B cefA XOTA Ok OAHO COCTORHHE, NEpeBOOMT
B ocebfn W Ao6oe IpYroé COCTORNHE, TO YHCAO
Ny, coctoampeil O Beex OpOMTaX OAHHAKOBD,
a4 YHCAD BCeX COCTORMMA N=N,« & rae B —
yueao opOKT. [posepsTe, 470 YKa3aHHOE CBOACT-
BO ONEPalHA CNpaBenRadBo LJIA  BOAWeGHOTo
RyGuxa.

11. HccaenyfiTe wrpm, OTAMYARWMECA OT
epoawebnoro kyGusas Toabko Habopom emel-
TEpHWX onepausil: 1) paspeieds Apaulath
ronske 2 (3, 4 waw 5) rpavn; 2) xop — sT0
MOBOPOT NApH NPOTHEONOAOM HLEX Fpadedl (oaHo6
ng, a APYrof npoTHE YacOBOR CTPENKH) HE OAMH
H TOT ME yroa; 3) COOTEETCTREHHO, o0 rpasu
N0 YaCOBROH CTpeske.

{Oxonsanue cx. wa c. 48)

Kvantmecme.
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